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Description 

[0001] The present invention relates to an organic electroluminescence device, an organic thin film, and a triamine 
compound. More particularly, the present invention relates to an organic electroluminescence device which has little 

5 possibility of dielectric breakdown after storage for a long time and shows a remarkably increased efficiency of iight 
emission because a specific triamine is used in the hole injecting layer, an organic thin film which shows very excellent 
hole injecting and transporting properties and is advantageously used for the organic electroluminescence device and 
photosensitive films In the electronic photography, and a triamine compound which provides an organic electrolumi- 
nescence device having a long life and showing an excellent stability of light emission when the triamine compound 

10 Is used for the device. 

BACKGROUND ART 

[0002] Electroluminescence devices which utilize the electroluminescence show high self-distingulshability because 
15 of the self-emission and are excellent in impact resistance because they are completely solid devices. Therefore, 
electroluminescence devices have been attracting attention for application as tight emitting devices in various types 
of display apparatus. 

[0003] The electroluminescence devices include inorganic electroluminescence devices in which an inorganic com- 
pound is used as the light emitting material, and organic electroluminescence devices in which an organic compound 

20 is used as the light emitting material. Organic electroluminescence devices have been extensively studied for practical 
application as a display device of the next generation because the applied voltage can be decreased to a large extent. 
[0004] As for the construction of the organic electroluminescence device, the basic construction comprises an anode 
/ a light emitting layer / a cathode. (This description shows that an anode, a light emitting layer, and a cathode are 
laminated in this order. Other constructions are described in the same manner.) Constructions having a hole injecting 

25 and transporting layer or an electron injecting and transporting layer suitably added to the basic construction are known. 
Examples of such construction include the construction of an anode / a hole injecting and transporting layer / a light 
emitting layer / a cathode and the construction of an anode / a hole injecting and transporting iayer / a light emitting 
layer / an electron Injecting and transporting iayer / a cathode. The hole injecting and transporting layer has the function 
of transporting holes injected from the anode to the light emitting layer. The electron injecting and transporting layer 

30 has the function of transporting electrons injected from the cathode to the light emitting layer. It has been known that, 
when the hole injecting and transporting layer is inserted between the light emitting layer and the anode, more holes 
are injected into the light emitting layer in a lower electric field, and electrons injected into the light emitting layer from 
the cathode or the electron injecting and transporting layer are accumulated at the Interface between the hole injecting 
and transporting layer and the light emitting layer because the hole injecting and transporting layer does not transport 

35 electrons. As the result, efficiency of the light emission is increased. 

[0005] Organic electroluminescence devices have a problem that, because an ultra-thin film made of an organic 
compound is used in organic electroluminescence devices, the thin film is crystallized to cause dielectric breakdown 
after storage of the devices for a long time. 

[0006] IHeretofore, in organic electroluminescence devices, a phthalocyanine material is generally used at the inter- 
40 face with an anode as the hole injecting material. The phthalocyanine materia! is a particulariy easily crystal lizable 
material among organic materials used in electroluminescence devices, and development of a hole injecting material 
which can replace the phthalocyanine material and shows a high degree of amorphous property has been desired. 
[0007] To solve the above problem, a technology using an amine of the dendrimer type as the hole injecting material 
which can suppress the dielectric breakdown in the device has been proposed (the specification of Japanese Patent 
45 Application Laid-Open No. IHeisei 4(1 992)-308688). However, this technology has a problem that the efficiency of light 
emission of the obtained device is low. A technology using an organic semiconductor of the oligomer type as the hole 
injecting material has also been disclosed (the specification of European Patent No. 439627). However, this technology 
is not suitable for practical application either because the efficiency of light emission of the obtained device is low. 
[0008] Moreover, the above organic electric luminescence devices have a problem that the luminance of the light 
50 emission is decreased after the devices have been driven continuously for a long time, and this problem is another 
major obstacle for practical use of these devices. 

[0009] In order to solve the above problems, a technology has been disclosed in which the generation of the leak 
current is prevented by using an amine of the dendrimer type, and the light emission can be maintained for a long time 
with stability (the specification of Japanese Patent Application Laid-Open No. Heisei 4(1992)-308688). 
55 Prior art document JP-A- 6-240245 discloses an electroluminescent element wherein a compound of formula 
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wherein Ar^ and Ar^ may be optionally substituted aryl. 
20 Further triamine derivatives are disclosed in JP-A-3-4230. Such triamines are used as charge transferring material in 
electrophotographic sensitive bodies. 

Also Shirota et al. (Applied Physics Letters 1994; 65: 807-809) describe the use of triamine compounds In an organic 
electroluminescent device comprising an excellent hole transport material. 

[001 0] However, although this technology is effective for preventing the short-circuit, the stability of light emission is 

25 still insufficient for the practical application. 

[0011] Accordingly, the present invention has an object of providing an organic electroluminescence device which 
has little possibility of dielectric breakdown after storage for a long time and shows a remarkably increased efficiency 
of light emission by using a material which is not easily crystallized as the hole injecting material, and an organic thin 
film which shows very excellent hole Injecting and transporting properties and is advantageously used for the organic 

30 electroluminescence device and photosensitive films in the electronic photography. 

[0012] The present invention has another object of providing a novel compound which provides an organic electro- 
luminescence device having a long life and showing an excellent stability of light emission when the novel compound 
Is used for the device. 

35 DISCLOSURE OF THE INVENTION 

[0013] As the result of extensive studies to achieve the first object of the present invention described above, it was 
found that an organic electroluminescence device in which a specific triamine is used as the hole injecting material 
has little possibility of dielectric breakdown even after storage for a long time and shows a remari^ably high efficiency 
40 of light emission. It was also found that an organic thin layer comprising two layers which are a layer containing the 
specific triamine compound and having a specific thickness and a layer containing a specific compound and having a 
specific thickness exhibits very excellent hole Injecting and transporting properties. 

[0014] It was also found by the present Inventors that a novel triamine having a specific structure containing an aryl 
group is advantageously used for achieving the second object of the present invention described above. 

45 [0015] The present invention has been completed on the basis of the above discoveries. 

[0016] Accordingly the present invention provides an organic electroluminescence device which comprises an or- 
ganic layer at least comprising a layer of a hole transporting zone and a layer of a light emitting zone and a pair of 
electrodes disposed on both sides of the organic layer, wherein the layer of a hole transporting zone at least comprises 
a hole injecting layer and a hole transporting layer, and the hole injecting layer contains a compound represented by 

50 general formula (I): 

A r • -N — N ^Q>— N — A r » •••(!) 
A r » A r • A r * 
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[wherein Ar^ to Ar^ represent each an aryl group having 6 to 1 8 core carbon atoms which is unsubstituted or substituted 
with an alky! group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other or different 
from each other (the number of core carbon atom means the number of carbon atom forming an aromatic ring among 
the carbon atoms of the aryl group)] and is in contact with an anode. Ar^ to Ar^ in general formula (I) preferably represent 
each an aryl group having 6 to 18 carbon atoms which is unsubstituted or substituted with an alky! group, an alkoxy 
group, vinyl group, or styryl group. 

[0017] In the present invention, it is preferred that the hole transporting layer in the electrotuminescence device 
contains a compound represented by general formula (II): 

A r • -N -<Q>— X N — At' -(ID 

A r ' A r • 

[wherein X represents a single bond, methylene group, phenylene group, biphenylene group. -0-, -S-, or a group 
represented by any of: 



A r " 

and Ar^ to Ar^^ represent each an aryl group having 6 to 18 carbon atoms which is unsubstituted or substituted with 
an alkyl group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other or different from 
each other]. 

[0018] The present invention also provides an organic thin film comprising two layers which are a layer containing 
a compound represented by general formula (I) and having a thickness of 5 nm to 5 ^m and a layer containing a 
compound represented by general formula (II) and having a thickness of 5 nm to 5 ^m. 
[0019] The present invention further provides a triamine compound represented by general fonnula (III): 

Ar > -N -<Q>- N -<Q>— N — Ar' -(III) 
A r ' A r ^ A r * 

wherein Ar^ to Ar^ represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or substituted 
with an alkyl group, an alkoxy group, vinyl group, or styryl group and may be the same with each other or different from 
each other, and Ar^ represents an aryl group represented by: 



wherein R represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 
atoms, or phenyl group, n represents an integer of 0 to 5. and when a plurality of R are present, the plurality of R may 
be the same with each other or different from each other. In this triamine compound, it is preferred that Ar^ to Ar^ 
represent each an aryl group represented by any of: 



CH 
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wherein to represent each hydrogen, an alkyi group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 
carbon atoms, or phenyl group, m represents an integer of 0 to 5, p represents an integer of 0 to 4. q represents an 
integer of 0 to 5. x represents an integer of 0 to 3. y represents an integer of 0 to 4, and when a plurality of R\ R^, R^, 
R4, or R5 are present, the plurality of R^ , R2, R3, r4^ or R5 may be the same with each other or different from each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 shows a whole chart of the ^H-NMR spectmm of 4,4-bis[N,N-di-(3-tolyl)amino]-4''-phenyl-triphe- 
nylamine obtained In Example 9. 

[0021] Figure 2 shows an enlarged detail of a part of the ^H-NMR spectrum of 4,4 -bis[N,N-di-(3-tolyl)amlnol-4"- 

phenyl-triphenylamine obtained in Example 9. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

[0022] The organic electroluminescence device of the present invention comprises an organic layer at least com- 
prising a layer of a hole transporting zone and a layer of a light emitting zone, and a pair of electrodes, i.e., an anode 
and a cathode, disposed on both sides of the organic layer. 

[0023] The anode in this electroluminescence device is an electrode used for injecting holes into the device. As the 
anode, an electrode made of a material, such as a metal, an alloy, an electrically conductive compound, and a mixture 
of these compounds, which has a large work function (4 eV or more) is preferably used. Specific examples of the 
material for the anode include metals, such as Au, and dielectric transparent materials, such as Cul, ITO, Sn02, and 
ZnO. The anode can be prepared by forming a thin film of the material described above by a method, such as the 
vapor deposition and the sputtering. When the light is obtained through the anode, it is preferred that the transmittance 
of the anode is larger than 10 %. It is also preferred that the electric resistance of the sheet as the anode is several 
hundred Q/Dot less. 

[0024] The thickness of the anode is selected generally in the range of 500 nm or less, preferably in the range of 10 

to 200 nm, although the thickness depends on the used material. 

[0025] On the other hand, the cathode is an electrode used for injecting electrons into the device. As the cathode, 
an electrode made of a material, such as a metal, an alloy, an electric conductive compound, or a mixture of these 
compounds, which has a small work function (4 eV or less) is used. Specific examples of the material for the cathode 
include sodium, sodium-potassium alloys, magnesium, aluminum, lithium, magnesium/copper mixtures, aluminum- 
lithium alloys, AI/AI2O3 mixtures, indium, and ytterbium. The cathode can be prepared by forming a thin film of the 
material described above by a method, such as the vapor deposition and the sputtering. When the light is obtained 
through the cathode, it is preferred that the transmittance of the cathode is larger than 10 %. It is also preferred that 
the electric resistance of the sheet as the cathode is several hundred il/D or less. The thickness of the cathode is 
selected generally in the range of 500 nm or less, preferably in the range of 10 to 200 nm. although the thickness 
depends on the used material. 

[0026] In the device of the present invention, it is preferred that at least one of the anode and the cathode is formed 
with a transparent or semltransparent material. It is enabled by using such a material that the light is efficiently trans- 
mitted and obtained. 

[0027] In the organic electroluminescence device of the present invention, the hole transporting zone means a zone 
generally showing a mobility of holes of 10-^ crn^N s or more when an electric field of 10^ to 10^ V/cm is applied. In 
the present invention, the layer of the hole transporting zone at least comprises a hole injecting layer and a hole 
transporting layer. It is necessary that the hole injecting layer contain a compound represented by general fonmula (I): 
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A r ' -N N N — A r • -d) 

' A r *. A r * A r * 

as the major component. 

[0028] In above general formula (I), Ar^ to Ar^ represent each an aryl group having 6 to 18 core carbon atoms, 
to preferably an aryl group having 6 to 18 carbon atoms, which is unsubstituted or substituted with an alkyl group, an 
alkoxy group, vinyl group, or styryl group, and may be the same with each other or different from each other. As the 
alkyl group and the alkoxy group, an alkyl group and an alkoxy group, respectively, having 1 to 6 carbon atoms are 
more preferable, and any of a linear, branched, and cyclic groups may be used. Examples of such an alkyl group and 
an alkoxy group include methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec- 
ts butyl group, t-butyl group, various types of pentyl group, various types of hexyi group, cyclopentyl group, cyclohexyl 
group, methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n-butoxy group, isobutoxy group, sec-butoxy 
group, t-butoxy group, various types of pentoxy group, various types of hexoxy group, cylclopentoxy group, and cy- 
clohexoxy group. When the aryl group having 6 to 1 8 core carbon atoms is substituted, a single substituent or a plurality 
of substituents may be introduced into the aromatic ring. The substituents may also be bonded together to form a ring. 
20 Examples of the aromatic ring in the aromatic group include benzene ring, naphthalene ring, acenaphthene ring, an- 
thracene ring, fluorene ring, phenanthrene ring, pyrene ring, and biphenyl ring. Ar^ to Ar^ may be the same with each 
other or different from each other. 

[0029] Specific examples of the above compound represented by general formula (I) are shown in Table 1 . 
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Table 1-6A 
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Table 1-5B 
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[0030] In the electroluminescence device of the present invention, the hole injecting layer may contain a single type 
or a combination of a plurality of types of the compound represented by general formula (I). It is necessary for achieving 
an efficient injection of holes that the hole injecting layer contain the compound represented by general formula (I), 
50 and It is also necessary that the hole injecting layer be disposed in contact vi/ith the anode. The thickness of the hole 
injecting layer is generally selected in the range of 5 nm to 5 ^m. 

[0031] On the other hand, the materia! used for the hole transporting layer in the electroluminescence device of the 
present invention is not particularly limited, and a material for a hole transporting layer which is generally used in 
electroluminescence devices can be used. Examples of the material for the hole transporting layer include triazole 
55 derivatives (such as those described in the specification of the United States Patent No. 3,112,197). oxadlazole deriv- 
atives (such as those described in the specification of the United States Patent No. 3,189,447). imidazole derivatives, 
polyarylalkane derivatives, pyrazoline derivatives, pyrazolone derivatives, phenylenediamine derivatives, arylamine 
derivatives, amino-substituted chalcone derivatives, oxazole derivatives, styrylanthracene derivatives, fluorenone de- 
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rivatives, hydrazone derivatives, stilbene derivatives, silazane derivatives, polysllanes, aniline copolymers, and elec- 
trically conductive polymers (particularly, thiophene oligomers). 

[0032] Aromatic tertlary-amine compounds and styrylamine compounds can also be used as the material for the hole 
transporting layer. Representative examples of such compounds include N,N.N'.N'-tetraphenyl-4,4'-diamlnophenyl, N, 
N -diphenyl-N,N'-di(3-methylphenyl)-4.4'-diaminoblphenyl (TPDA), 2,2-bis{4-di-p-tolylaminophenyl)-propane, 1 .1-bls 
(4-di-p-tolylaminophenyl)cyclohexane, N,N,N',N'-tetra-p-totyl-4,4'-diaminobiphenyl, 1 ,1 -bis(4-di-p-tolylaminophenyl)- 
4-phenylcyclohexane, bis(4-dimethylamino-2-methylphenyl)phenylmethane, bis{4-dl-p-tolylaminophenyl)phenylmeth- 
ane. N,N'-diphenyl-N,N'-di{4-methoxyphenyl)-4,4'-diaminobiphenyl. N,N.N',N'-tetraphenyl-4,4'-diamlnodiphenyl ether, 
4,4'-bis(diphenylamino)terphenyl, N,N,N-tri{p-tolyl)amine, 4,4'-bis[4-(di-p-tolylamino)stilbene], 4-N,N-diphenylamino- 
(2,2-diphenylvinyl)benzene. 3-methoxy-4*-N,N-dlphenylaminostilbene. and N-phenylcarbazole. 
[0033] in the present Invention, it is particularly preferred that a layer containing a compound represented by general 
formula (11): 



A r • -N X -hQ>- N — a r • . -(U) 

A r ' A r ' 

as the main component is used as the hole transporting layer. An organic electroluminescence device having a still 
higher efficiency of tight emission can be obtained by using this layer. 

[0034] In general formula (11), X represents a single bond, methylene group, phenytene group, biphenylene group, 
-0-, -S-, or a group represented by any of: 



C H, OF 
Ar . CH, . CF 



The positions in phenylene group or biphenylene group through which the phenylene group or the biphenylene group 
is bonded to the adjacent aromatic rings are not particularly limited. It is preferred that the phenylene group and the 
biphenylene group are 1,4-phenylene group and 4,4'-blphenylene group, respectively, Ar^ to Ar''^ represent each an 
aryl group having 6 to 18 core carbon atoms, preferably an aryl group having 6 to 18 carbon atoms, which is unsub- 
stituted or substituted with an alkyi group, an alkoxy group, vinyl group, or styryl group, i.e., the same aryl group as 
that represented by Ar^ to Ar^, Ar® to Ar^o may be the same with each other or different from each other. 
[0035] Specific examples of the compound represented by general formula (II) are shown in Table 2. 
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5 





compound 


A r • 


A r • 


10 


HT- 1 






15 


HT- 2 






20 


HT- 3 






25 


HT- 4 


iPr 




30 


HT- 5 






35 


HT - 6 


— s B u 






HT- 7 






40 


HT- 8 




-o 



45 



50 



19 



EP 0 805 143 B1 



Table 2 - 2A 
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[0036] In the organic electroluminescence device of the present invention, the hole transporting layer may contain 
45 a single type or a combination of a plurality of types of the above compound. The thickness of the hole transporting 
layer Is generally selected in the range of 5 nm to 5 ^im. 

[0037] In the organic electroluminescence device of the present invention, the light emitting zone means a zone in 
which a molecule showing luminescence in the solid state is brought into an excited state by directly or indirectly 
receiving the energy generated by recombination of holes and electrons and emits light. 

50 [0038] The molecule showing luminescence in the solid state is not particularly limited, and a light emitting material 
generally used for organic electroluminescence devices can be used. As the light emitting material, a material having 
an excellent film-forming property, for example, a luminescent brightening agent, such as a luminescent brightening 
agent of a condensed polycyclic aromatic compound, a benzoxazole luminescent brightening agent, a benzothiazole 
luminescent brightening agent, and a benzimidazole luminescent brightening agent; a metal-chelated oxanoid com- 

55 pound; or a distyrylbenzene compound can be used. Examples of the condensed polycyclic aromatic compound include 
condensed ring light emitting substances having a skeleton of anthracene, naphthalene, phenanthrene, pyrene, 
chrysene, or perylene. 

[0039] As the above luminescent brightening agent, such as a benzoxazole luminescent brightening agent, a ben- 
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zothiazole luminescent brightening agent, and a benzimidazole luminescent brightening agent, the luminescent bright- 
ening agents described in the specification of Japanese Patent Application Laid-Open No. Showa 59(1 984 )-1 94393 
can be used. Representative examples of such luminescent brightening agent include benzoxazole luminescent bright- 
ening agents, such as 2,5-bis(5,7-di-t-pentyl-2-benzoxazolyl)-1.3,4-thiadiazole, 4,4'-bls(5,7-t-pentyl-2-benzoxazolyl) 
stilbene, 4,4'-bis(5,7-di-(2-methyl-2-butyl)-2-benzoxazolyl)stilbene, 2.5-bis(5.7-di-t-pentyl-2-benzoxazolyl)thiophene, 
2,5-bis{5-(a.a-dimethylbenzyl)-2-benzoxazolyl)-thiophene. 2,5-bis{5,7-di(2-methyl-2-butyl)-2-benzoxazolyl)- 
3,4-diphenylthlophene. 2,5-bis{5-methyl-2-benzoxazolyl)thiophene, 4,4'-bis{2-benzoxazolyl)biphenyl, 5-methyl-2-{2- 
(4-(5-methyl-2-benzoxazolyl)phenyl)-vinyl)benzoxazole, and 2-(2-(4-chlorophenyl)vinyl)naphtho(1 ,2-d)oxazole: ben- 
zothiazole luminescent brightening agents, such as 2.2'-(p-phenylenedivlnylene)-bisbenzothlazole; and benzimidazole 
luminescent brightening agents, such as 2-(2-(4-(2-benzimldazolyl)phenyl)vinyl)-benzlmidazole and 2-(2-(4-carboxy- 
phenyl)vinyl)benzimidazole. Examples of other compound useful as the light emitting material Include the compounds 
described In "Chemistry of Synthetic Dyes" Pages 628 to 637 and 640 (1971). 

[0040] As the above metal-chelated oxanoid compound, for example, compounds described in the specification of 
Japanese Patent Application Laid-Open No. Showa 63(1988)-295695 can be used. Representative examples of such 
compounds include metal complexes of B-hydroxyquinoline, such as tris(8-quinollnol)alumlnum, bls(8-qulnollnol)-mag- 
nesium, bls{benzo{f)-8-quinolinol)zlnc, bls(2-methyl-8-quinolinolato)-alumlnum oxide, tris(8-quinolinol)indium, tris 
(5-methyl-8-qulnolinol)-alumlnum, 8-qulnolinollithlum, tris(5-chloro-8-quinolinol)gallium, bis(5-chloro-8-quinolinol)cal- 
cium, and poly(2inc(ll)-bis(8-hydroxy-5-quinolinonyl)methane); and dilithium epindridione. 

[0041] Metal-chelated oxanoid compounds doped with a polycyclic aromatic compound which are described in the 
specifications of the United States Patent No. 5,141 ,671 and the United States Patent No. 5,150,006 can also be used. 
Specific examples of such compounds include metal chelated complexes of 8-hydroxyquinoline, such as bis(2-methyt- 
8-quinollnolato)(phenolato)aluminum(lll), bis(2-methyl-8-qulnollnolato)-(cresolato)alumlnum(lll), bls(2-methyl-8-quln- 
olinolato)(phenyl-phenolato)aluminum(lll), bis(2-methyl-8-quinolinolato)(naphthoIato)-aluminum(lll), and bis(2-me- 
thyl-8-quinilinolato)atuminum(lll)-^-oxo-bis(2-methyl-8-quinolinolato)aluminum(lll), doped with a polycyclic aromatic 
compound, such as perylene and dibenzoperylene. 

[0042] As the light emitting compound, other compounds, such as distyrylbenzene derivative described in the spec- 
ification of European Patent No. 0373582, dimethylldene derivatives described in the specification of European Paten 
No. 0388768, coumarlne derivatives described in the specification of Japanese Patent Application Laid-Open No. 
Helsei2(1990)-191694. distyrylpyrazine derivatives described in the specification of Japanese Patent Application Laid- 
Open No. Heisei 2(1990)-252793, perylene derivatives described in the specification of Japanese Patent Application 
Laid-Open No. Heisei 2(1990)-196885, naphthalene derivatives described in the specification of Japanese Patent 
Application Laid-Open No. Heisei 2(1 990)-255789. phthaloperynone derivatives described In the specifications of Jap- 
anese Patent Application Laid-Open No. Heisei 2(1990)-289676 and Japanese Patent Application Laid-Open No. He- 
isei 2(1990)-88689, styrylamine derivatives described in the specification of Japanese Patent Application Laid-Open 
No. Heisei 2(1990)-250292, cyclopentadiene derivatives described in the specification of Japanese Patent Application 
Laid-Open No. Heisei 2(1990)-289675, and polyphenyl compounds described in the specification of European Patent 
No. 387715. can be selected and used In accordance with the color of the light which is desired to be emitted and other 
properties. 

[0043] The layer of the light emitting zone comprising the above organic compound may have a laminate structure 
having two or more layers where desired or may be formed-by additionally using a fluorescent substance or a polycyclic 
aromatic compound in such a manner as that described in the specifications of the United States Patent No. 4,769,292 
and the United States Patent No. 5,141 ,671 . In this case, the above organic compound has a form of a layer of a thin 
film and exhibits the function of injection and a part of the function of light emission which are the functions of the light 
emitting zone. The fluorescent substance is present in the thin film of the organic compound in a small amount (several 
percent by mol or less) and exhibits a part of the function of light emission by emitting light in response with the re- 
combination of electrons and holes. 

[0044] The layer of the light emitting zone may be constituted with a single layer comprising one or more types of 
the light emitting material or a laminate of layers of different light emitting materials. 

[0045] In the organic luminescence device of the present invention, other layers may be formed between the anode 
and the cathode in addition to the layer of the hole transporting zone and the layer of the light emitting zone which are 
described above, where necessary, for example, to increase the efficiency of injection of electrons from the cathode 
or to improve the adhesion of a layer to the anode. 

[0046] In the following, preferable examples of preparation of the organic electroluminescent device of the present 
invention are described. At fist, a thin film comprising a desired electrode material, such as a material for the anode, 
is formed on a suitable substrate to a thickness of 500 nm or less, preferably in the range of 10 to 20 nm, by a method, 
such as the vapor deposition and the sputtering, to prepare an anode. On the prepared anode, thin films comprising 
materials constituting the device, i. e.. materials for the hole injecting layer, the hole transporting layer, and tiie layer 
of light emitting zone, are formed. 
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[0047] As the method of forming the thin films, the spin-coating, the casting, or the vapor deposition can be used. 
The vacuum vapor deposition is preferable because a uniform film is easily obtained, and the formation of pin-holes 
can be prevented more easily. The condition of the vacuum vapor deposition is different depending on the type of the 
used compound as well as the crystal structure and the association structure which are desired to be formed in the 
molecular deposition film. In general, it is preferred that the conditions are selected in the following range: a temperature 
of a heated boat of 50 to 400°C, a vacuum of 1 0*^ to 1 0-^ Pa, a rate of vapor deposition of 0.01 to 50 nm/sec. a substrate 
temperature of -50 to 300°C, and a film thickness of 5 nm to 5 fim. 

[0048] After these layers have been formed, a thin film comprising a cathode material is formed on the formed layers 
by a method, such as the vapor deposition or the sputtering, to a thickness of 500 nm or less, preferably in the range 
of 10 to 200 nm, to form a cathode. Thus, the desired electroluminescence device can be prepared. For the preparation 
of the electroluminescence device, the procedures for the preparation may be conducted in the reversed order. 
[0049] The electroluminescence device of the present invention which can be prepared as described above emits 
light by applying a direct voltage of 3 to 40 V in the condition that the anode is connected to a positive electrode (+) 
and the cathode is connected to a negative electrode {-). When the connection is reversed, no electric current is ob- 
served and no light is emitted at all. When an alternating voltage is applied to the electroluminescence device, light 
emission is observed only in the condition that the polarity of the anode Is positive and the polarity of the cathode Is 
negative. When an alternating voltage is applied to the organic EL device, any type of wave shape can be used. 
[0050] It is preferred that the device of the present invention is supported on a support. The support is not particularly 
limited, and a support conventionally used in organic electroluminescence devices, such as glass, a transparent plastic, 
and quartz, can be used. 

[0051] The present Invention also provides an organic thin film comprising two layers which are a layer containing 
a compound represented by general formula (I) and having a thickness of 5 nm to 5 ^m and a layer containing a 
compound represented by general formula (II) and having a thickness of 5 nm to 5 ^m. This organic thin film has very 
excellent hole injecting and transporting properties and can advantageously be used for organic electroluminescence 
devices. This organic thin film can also be used widely for other organic devices and photosensitive films In the electronic 
photography. 

[0052] This organic thin film can be prepared by the same process as that used for preparation of the hole injection 
layer and the hole transporting layer In the preparation of the above organic electroluminescence device. 
[0053] In the following, the novel triamlne compound which is another object of the present invention is described. 
The triamlne compound of the present invention Is a compound having a structure represented by general formula (III): 

A r ' -N — N — N — A r » -(III) 
At ' A r ' A r * 

wherein Ar^ to Ar* represent each an aryl group having 6 to 18 core cariaon atoms which is unsubstltuted or substituted 
with an alkyl group, an afkoxy group, vinyl group, or styryl group and may be the same with each other or different from 
each other, and Ar^ represents an aryl group represented by: 

(R), 

wherein R represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 
atoms, or phenyl group: n represents an integer of 0 to 5; and when a plurality of R are present, the plurality of R may 
be the same with each other or different from each other. Preferably Ar^ to Ar^ represent each an aryl group represented 
by any of the general formulae: 
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R.). '''''' 





or 



[0054] RMo R5 in the above formulae represent each hydrogen, an alkyi group having 1 to 6 carbon atoms, an alkoxy 
group having 1 to 6 carbon atoms, or phenyl group, m represents an integer of 0 to 5, p represents an integer of 0 to 
4, q represents an integer of 0 to 5, x represents an integer of 0 to 3, and y represents an Integer of 0 to 4. When a 
plurality of R\ R2, R3, R4, or R5 are present, the plurality of R\ R2, R3, R4, or R5 may be the same with each other or 
different from each other. Ar^ to Ar^ may be the same with each other or different from each other. R represents 
hydrogen, an alkyI group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, or phenyl group; 
n represents an integer of 0 to 5; and when a plurality of R are present, the plurality of R may be the same with each 
other or different from each other 

[0055] The alky! group having 1 to 6 carbon atoms which is represented by any of R^ to R^ and R may be linear, 
branched, or cyclic. Specific examples of the alkyI group having 1 to 6 carbon atoms include methyl group, ethyl group, 
n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl group, n-pentyl group, iso- 
pentyl group, n-hexyl group, isohexyl group, cyclopropyl group, cyclobutyl group, cyclopentyl group, and cyclohexyl 
group. The alkoxy group having 1 to 6 carbon atoms which is represented by any of R1 to R^ and R may be linear, 
branched, or cyclic. Specific examples of the alkoxy group having 1 to 6 carbon atoms include methoxy group, ethoxy 
group, n-propoxy group, Isopropoxy group, n-butoxy group, isobutoxy group, sec-butoxy group, tert-butoxy group, n- 
pentoxy group, isopentoxy group, n-hexoxy group, isohexoxy group, cyclopropoxy group, cyclobutoxy group, cyclopen- 
toxy group, and cyclohexoxy group. 

[0056] Examples of the above triamine compound represented by general formula (III) include the following com- 
pounds: 
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[0057] In the above formulae, the abbreviations represent groups as follows: Me: methyl group, Et: ethyl group, nPr: 
n-propyl group, iPr: Isopropyl group, nBu: n-butyl group. sBu: sec-butyl group, tBu: tert-butyl group, nPe: n-pentyl 
group, and nHex: n-hexyl group. 

[0058] The present invention is described in more detail with reference to examples. 

Example 1 Preparation of HI-3 

[0059] 

(1) Into a 500 ml three-necked flask, 16.5 g of aniline (a product of HIROSHIMA WAKO Co., Ltd.), 50 g of p- 
fluoronitrobenzene (a product of HIROSHIMA WAKO Co., Ltd.), 1 g of copper powder, 48.9 g anhydrous potassium 
carbonate, and 330 ml of DMF (dimethylformamide) were placed, and the reaction was allowed to proceed in the 
resultant mixture at 150*'C for 8 hours. 

After the reaction had been completed, the reaction mixture was cooled, and salts were removed from the 
reaction mixture by filtration. The obtained filtrate was poured into 3 liters of water, and the formed crystal in an 
amount of 40 g was separated by filtration. The separated crystal was dissolved into 600 ml of DMF. To the resultant 
solution, 8 g of a 5 % Pd-C was added, and the hydrogenation was conducted under an atmospheric pressure for 
4 hours by bubbling hydrogen gas through the reaction mixture. 

After the reaction had been completed, the Pd-C was removed from the reaction mixture by filtration. The 
obtained filtrate was poured into 4 liters of water, and the precipitated crystal was separated by filtration to obtain 
28 g of 4,4*-diamino-triphenylamine. 

(2) Into a 300 ml three-necked flask. 1.0 g of 4,4'-diaminotriphenylamine obtained above in (1), 4.0 g of 3-iodotol- 
uene (a product of TOKYO KASEI Co., Ltd.), 3 g of anhydrous potassium carbonate, and 1 g of copper powder (a 
product of HIROSHIMA WAKO Co., Ltd.) were placed and then dissolved in 200 ml of dimethylsulfoxide (DMSO). 
The reaction was allowed to proceed in the obtained mixture at 200°C for 8 hours while the mixture was stin-ed. 

After the reaction had been completed, the reaction mixture was filtered, and the obtained filtrate was extracted 
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with methylene chloride. From the obtained extract, the solvent was removed by using a rotary evaporator, and 
the residual product was purified by using a column packed with silica-gel (a product of HIROSHIMA WAKO Co., 
Ltd.) with toluene as the developing solvent to obtain 0.78 g of a light yellow powder. 

5 [0060] This product was identified as 4.4'-bis[N.N-di(3-tolyi)amino]-triphenylamine (HI-3) by the measurements of 
NMR and FD-MS (field diffusion mass spectrum). 

Example 2 Preparation of H 1-1 6 

10 [0061] The reactions and the purifications were conducted in accordance with the same procedures as those con- 
ducted in Example 1 except that 4.0 g of 4-iodoanisol (a product of HIROSHIMA WAKO Co., Ltd.) was used in place 
of 3-iodotoluene used in Example 1 (2), and 0.66 g of a light yellow powder was obtained. 

[0062] This product was identified as 4,4*-bis[N,N-di(4-methoxyphenyl)-amino]triphenylamine (HI-16) by the meas- 
urements of NMR and FD-MS. 

15 

Example 3 Preparation of HI-35 
[0063] 

20 (1 ) Into a 500 ml three-necked flask. 75 g of biphenyl (a product of HIROSHIMA WAKO Co., Ltd.), 19.2 g of ortho- 

periodic acid (a product of HIROSHIMA WAKO Co., Ltd.). 64.3 g of iodine, 230 ml of acetic acid, and 7.6 ml of 
concentrated sulfuric acid were placed, and the reaction was allowed to proceed in the resultant mixture at 70**C 
for 2 hours. 

After the reaction had been finished, the reaction mixture was cooled and then poured into 1 liter of methanol 
25 while methanol was stirred. The precipitated crystal was separated by filtration and then recrystallized by using 2 

liters of acetonitrile to obtain 7.2 g of 4-iodobiphenyl. 

(2) Then, the reactions and the purifications were conducted in accordance with the same procedures as those 
conducted In Example 1 except that 5.0 g of 4-iodobiphenyl obtained above in (1 ) was used in place of 3-iodotpluene 
used in Example 1 (2), and 0.34 g of a light yellow powder was obtained. 

30 

[0064] This product was identified as 4,4'-bis[N,N-di{dipheno-4-yl)amino]-triphenylamine (HI-35) by the measure- 
ments of NMR and FD-MS. 

Preparation Example 1 Preparation of HT-23 

35 

[0065] The reactions and the purifications were conducted in accordance with the same procedures as those con- 
ducted in Example 1 except that 2.0 g of N,N'-diphenyl-4,4'-benzidine was used in place of 4,4'-diaminotriphenylamine 
used in Example 1 (2), and 1.6 g of a white powder was obtained. 

[0066] This product was identified as N,N'-bis(3-tolyl)-N,N'-diphenyl-4,4'-ben2idine (HT-23) by the measurements of 
40 NMR and FD-MS. 

Preparation Example 2 Preparation of HT-39 

[0067] 

45 

(1) A mixture of 20 g of 4-iodobiphenyl obtained above in Example 3 (1 ) and 150 ml of acetic acid was heated to 
80°C, and 40 ml of fuming nitric acid was added dropwise to the heated mixture at 75 to 90°C during 2 hours. After 
the resultant mixture was kept being stirred for 1 hour at this temperature, the mixture was cooled to 50°C, and 
200 ml of methanol was added to the cooled mixture to obtain 11 g of a light yellow crystal after filtration. 

50 The obtained product was heated with a mixture of 1.6 g of aniline (a product of HIROSHIMA WAKO Co., 

Ltd.), 100 ml of nitrobenzene, 1 g of copper powder, and 10 g of anhydrous potassium carbonate at 200°C, and 
the reaction was allowed to proceed for 48 hours. The insoluble portion was then removed from the reaction product 
by filtration. After the solvent was removed from the filtrate by the vacuum distillation, the residual product was 
recrystallized by using 200 ml of ethanol to obtain 8 g of a crystal. 

55 The obtained crystal was dissolved in 200 ml of DMF. To the resultant solution, 2 g of a 5 % Pd-C was added, 

and the hydrogenation was conducted under an atmospheric pressure for 4 hours by bubbling hydrogen gas 
through the reaction mixture. 

The insoluble portion was removed from the reaction product by filtration, and the obtained filtrate was poured 
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Into 1 liter of water saturated with sodium chloride. The precipitated crystal was separated by filtration and repre- 
cipitated by using 500 ml of toluene to obtain 5 g of 4,4'-bis(4-aminophenyl)triphenylamine. 
(2) The reactions and the purifications were conducted in accordance with the same procedures as those conducted 
in Example 1 (2) except that 1.0 g of 4,4'-bis(4-aminophenyl)triphenylamlne obtained above In (1) was used In 
5 place of 4,4'-dlamino-triphenylamlne used In Example 1 (2), and 3.0 g of iodobenzene (a product of HIROSHIMA 

WAKO Co., Ltd.) was used in place of 3-lodotoluene used In Example 1 (2), and 0.31 g of a white powder was 
obtained. 

[0068] This product was Identified as 4,4'-bls[4-(N,N-dlphenylamino)-phenyl]triphenylamlne (HT-39) by the meas- 
10 urements of NMR and FD-MS. 

Reference Example 1 Preparation of DPVBi 

[0069] 

15 

(1 ) To 1 50 ml Of carbon tetrachloride, 1 0 g of 4,4'-dlmethylbiphenyl (a product of ALDRICH Co.), 20 g of N-bromo- 
succlnimide (a product of HIROSHIMA WAKO Co., Ltd.), and 0.9 g of benzoyl peroxide (a product of HIROSHIMA 
WAKO Co., Ltd.) were added, and the reaction was allowed to proceed in the resultant mixture at 90°C for 2 hours 
while the mixture was stirred. 

20 After the reaction product was cooled, the precipitated crystal was washed with 100 ml of methanol to obtain 

13.2 g of 4,4-dlbromomethyl-blphenyl. 

(2) Into a 300 ml three-necked flask, 1 .0 g of 4,4 -dibromomethyl-biphenyl obtained above In (1 ), 3.0 g of benzo- 
phenone (a product of TOKYO KASEI Co., Ltd.), and 0.50 g of potassium t-butoxide (a product of HIROSHIMA 
WAKO Co., Ltd.) were placed and then dissolved in 150 ml of DMSO. The reaction was allowed to proceed in the 

25 resultant solution at a room temperature for 2 hours while the solution was stirred. 

After the reaction had been completed, the reaction solution was extracted with toluene, and then the solvent 

was removed from the extract by distillation using a rotary evaporator. The residual product was purified by using 

a column packed with silica-gel (a product of HIROSHIMA WAKO Co.. Ltd.) with toluene as the developing solvent 

to obtain 1.1 g of a white powder. 
30 This product was identified as 4,4'-bis(2,2-diphenyl-1-vlnyl)-1,1'-biphenyl (DPVBi) by the measurements of 

NMR and FD-MS. 

Reference Example 2 Preparation of MTDATA 

35 [0070] The reactions and the purifications were conducted in accordance with the same procedures as those con- 
ducted in Example 1 (2) except that 1.0 g of 4,4',4"-triiodotriphenylamine was used in place of 3-lodotoluene used in 
Example 1 (2), and 1.0 g of N-(3-tolyl)-N-phenylamine (a product of ALDRICH Co.) was used In place of 4,4'-diaml- 
notriphenylamine used In Example 1 (2), and 0.30 g of a light yellow powder was obtained. 

[0071] This product was identified as 4.4',4"-trls[N-(3-tolyl)-N-phenylamino]trlphenylamlne (MTDATA) by the meas- 
40 urements of NMR and FD-MS. 

Reference Example 3 Preparation of TA-1 

[0072] Into a 300 ml three-necked flask. 2.0 g of N,N'-dlphenyl-1 ,4-phenylenediamine (a product of KANTO KAGAKU 
45 Co., Ltd.), 50 ml of 4-fluoronitrobenzene (a product of HIROSHIMA WAKO Co., Ltd.), 5 g of anhydrous potassium 
carbonate, and 1 g of copper powder were placed, and the reaction was allowed to proceed in the resultant mixture 

at 200°C for 8 hours while the mixture was stirred. 

[0073] After the reaction had been completed, the reaction mixture was filtered. The obtained filtrate was extracted 
with methylene chloride, and the solvent was removed from the obtained extract by distillation. The residual product 
50 was purified by using a column packed with silica-gel (a product of HIROSHIMA WAKO Co., Ltd.) with toluene as the 
developing solvent. 

[0074] The obtained product was dissolved in 100 ml of dimethylformamide (DMF). To the resultant solution. 10 g 
of a 5 % by weight Pd-C was added, and the reaction was allowed to proceed in the resultant mixture for 8 hours under 
a hydrogen stream. The reaction mixture was filtered, and the solvent was removed from the obtained filtrate. The 
55 residual product was dissolved In 100 ml of Iodobenzene (a product of HIROSHIMA WAKO Co., Ltd.). To the obtained 
solution, 10 g of anhydrous potassium carbonate and 1 g of copper powder were added, and the reaction was allowed 
to proceed In the resultant mixture at 200°C for 8 hours. 

[0075] After the reaction had been completed, the reaction mixture was filtered. The obtained filtrate was extracted 
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with methylene chloride, and the solvent was removed from the obtained extract by using a rotary evaporator. The 
residual product was purified by using a column packed with silica-gel with toluene as the developing solvent to obtain 
0.24 g of a yellow powder. 

[0076] This product was identified as N,N'-bis[4-{N,N-diphenylamino)-phenyl)-N,N'-diphenyl-1 .4-phenylenedlamine 
(TA-1) by the measurements of NMR and FD-MS. 

Example 4 

[0077] On a glass substrate having the size of 25 mm x 75 mm x 1.1 mm, an ITO electrode was formed to the 
thickness of 100 nm, and the obtained product was used as the transparent substrate. The prepared transparent 
substrate was cleaned with isopropyl alcohol for 5 minutes by using ultrasonic wave, with pure water for 5 minutes, 
and finally with isopropyl alcohol for 5 minutes by using ultrasonic wave. 

[0078] The cleaned transparent substrate was fixed to a substrate holder of a commercial apparatus for vacuum 
vapor deposition (a product of NIPPON SHINKU GIJUTU Co,, Ltd.). HI-3 obtained in Example 1 was placed into an 
electrically heated boat made of molybdenum, and HT-23 obtained in Preparation Example 1 was placed into another 
electrically heated boat made of molybdenum. DPVBi obtained in Preparation Example 3 was placed into still another 
electrically heated boat made of molybdenum. The pressure in the vacuum chamber was then reduced to 1x10-3 Pa. 
On the substrate, HI-3, HT-23, and DPVBi were successively laminated by deposition to the thickness of 60 nm, 23 
nm, and 40 nm, respectively, by heating the respective boats successively. 

[0079] The pressure of the apparatus was then adjusted to an atmospheric pressure, and tris(8-hydroxyquinoline) 
aluminum (Alq. a product of DOJIN KAGAKU KENKYUSHO Co., Ltd.) was placed in another electrically heated boat 
made of molybdenum. Magnesium ribbon was placed in still another electrically heated boat made of molybdenum, 
and silver was placed in a basket made of tungsten. After the pressure in the apparatus was reduced to 2x10"^ Pa, 
the boat containing Alq was first electrically heated to deposit Alq on DPVBi to the thickness of 20 nm. Then, magnesium 
and silver were vaporized in such amounts that the ratio by weight of magnesium to silver was 1 0 : 1 to form a cathode 
of an alloy of magnesium and silver to the thickness of 200 nm. Thus, an organic electroluminescence device was 
prepared. 

[0080] A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
current: 1 .6 mA/cm^. the luminance: 30 cd/m^, and the efficiency of light emission: 0.74 lumenA/V. The prepared device 
showed a high efficiency. 

Example 5 

[0081] An organic electroluminescence device was prepared In accordance with the same procedures as those 
conducted in Example 4 except that HI-1 6 obtained in Example 2 was used in place of HI-3 used in Example 4. 
[0082] A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
current: 2.0 mA/cm^, the luminance: 55 cd/m^, and the efficiency of light emission: 1.1 lumenA/V. The prepared device 
showed a high efficiency. 

Example 6 

[0083] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 4 except that HI-35 obtained in Example 3 was used in place of HI-3 used in Example 4. 
[0084] A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
current: 1 .8 mA/cm^. the luminance: 40 cd/m^, and the efficiency of light emission: 0.87 lumen/W. The prepared device 
showed a high efficiency. 

Example 7 

[0085] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 4 except that HT-39 obtained in Preparation Example 2 was used in place of HT-23 used in 
Example 4. 
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[0086] A voltage was apptied to the prepared device by connecting the ITO electrode of the device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
current: 2.1 mA/cm^, the luminance: 38 cd/m2, and the efficiency of light emission: 0.71 lumen/W. The prepared device 
5 showed a high efficiency. 

Comparative Example 1 

[0087] An organic electroluminescence device was prepared in accordance with the same procedures as those 
10 conducted in Example 4 except that MTDATA obtained In Preparation Example 4 was used In place of HI-3 used in 
Example 4. 

[0088] A voltage was applied to the prepared device by connecting the ITO electrode of the device to a positive 
electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device was 
brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
15 current: 2.1 mA/cm^, the luminance: 20 cd/m^, and the efficiency of light emission: 0.37 lumen/W. The prepared device 
showed a low efficiency. 
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Comparative Example 2 



[0089] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 4 except that HT-23 was not laminated. 
45 [0090] A voltage was applied to the prepared device by connecting the ITO electrode of the prepared device to a 
positive electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device 
was brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
current: 7.0 mA/cm^, the luminance: 6.0 cd/m2, and the efficiency of light emission: 0.03 lumen/W. The prepared device 
showed a low efficiency. 



Comparative Example 3 



[0091] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 4 except that TA-1 obtained in Preparation Example 5 was used in place of HI-3 used in Example 
55 4. 

[0092] A voltage was applied to the prepared device by connecting the ITO electrode of the prepared device to a 
positive electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode (-), and the device 
was brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
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current: 1 ,5 mA/cm2, the luminance: 7.0 cd/m2^ and the efficiency of light emission: 0.18 lumen/W. The prepared device 
showed a low efficiency. 

TA-1: 

Qh- N hQ^ N hQ^ N hQ^ N -O 

6 6 6 6 

Comparative Example 4 

[0093] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 4 except that BTBIBT was used In place of HI-3 used in Example 4, and DMOVCH was used 
in place of HT-23 used in Example 4. 

[0094] A voltage was applied to the prepared device by connecting the ITO electrode of the prepared device to a 
positive electrode (+) and the cathode made of the magnesium-silver alloy to a negative electrode {-), and the device 
was brought to emit light. The following result was obtained by application of the voltage of 8 V: the density of electric 
current: 1 .9 mA/cm^, the luminance: 17 cd/m^, and the efficiency of light emission: 0.35 lumen/W. The prepared device 
showed a low efficiency. 



BTBIBT: 



DMOVCH: 

M e 0 DM e 

M e 0 OM e 

Example 8 

[0095] On an aluminum substrate, an undercoat layer comprising a methoxymethylated nylon (a product of UNITIKA 
Co.. Ltd.; trade name, T-8) was formed to the thickness of 0.1 \m. On the formed undercoat layer, a layer for charge 
generation comprising an A-type titanylphthalocyanine and polyvinylbutyral (a product of SEKISUI KAGAKU Co., Ltd.; 
trade name, BX>1) was formed to the thickness of 0.1 On the thus formed layer for charge generation, a hole 
injecting thin film was formed by depositing HI-3 obtained in Example 1 and HT-23 obtained in Preparation Example 
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1 to the thickness of 60 nm and 20 nm, respectively, by the vacuum vapor deposition in accordance with the same 
procedures as those conducted in Example 4. 

[0096] The property for the electronic photography of this film was evaluated by using a testing apparatus for elec- 
trostatic recording produced by KAWAGUCHI DENKI Co., Ltd. in the following manner. The film was charged by corona 
5 discharge of -6 kV, and the charge was then attenuated in the dark for 3 seconds. The film was then exposed to white 
light of 5 luxes for 5 seconds, and the time (by second) passed before the surface potential of the film reached 1/2 of 
the initial value was obtained. As the result, the half-life light exposure was found to be 0.4 lux-second. 
[0097] As shown In the above, the organic thin film of the present invention had a very excellent property for the 
electronic photography. 

10 [0098] As shown In the above results, the organic electroluminescence devices in Comparative Examples 1 to 4 
which had constitutions based on the conventional technology showed efficiencies of light emission as low as 0.03 to 
0.37 lumen/W. In contrast, as shown in Examples 4 to 7, the organic electroluminescence devices having the consti- 
tution of the present invention showed remarkably increased efficiencies of light emission which were as high as 0.71 
to 1.1 lumen/W. As clearly shown in Example 8, the organic thin film of the present invention showed excellent hole 

15 injecting and transporting properties. 

Example 9 Preparation of Compound (3) 

(1) Synthesis of 4.4*-diamlno-4"-phenyl-triphenylamine 

20 

(Compound A) 

[0099] Into a 500 ml flask of an egg plant shape, 25 g of 4-aminobiphenyl (a product of ALDRICH Co.), 62.6 g of 
4-fluoronitrobenzene (a product of HIROSHIMA WAKO Co., Ltd.), 0.94 g of copper powder, 40.8 g of anhydrous po- 

25 tassium carbonate, and 280 ml of dimethylformamide (DMF; a product of HIROSHIMA WAKO Co., Ltd.) were placed. 
The resultant mixture was heated to ^60°C in an oil bath under an argon stream, and the reaction was allowed to 
proceed in this mixture at this temperature for 72 hours. After the reaction had been completed, the insoluble portion 
was removed from the reaction product by filtration, and DMF was removed from the filtrate by distillation. To the 
residual product, 1.5 liters of methanol was added, and the resultant mixture was stirred under heating at SO^'C. The 

30 formed crystal was separated by filtration. After this procedure was repeated 4 times. 33.8 g of 4,4'-dinitro-4''-phenyl- 
triphenylamine was obtained. 

[01 00] Into a 1 liter flask of an egg plant shape, 4,4'-dinitro-4"-phenyl-triphenylamine obtained above. 500 ml of DMF. 
and 6.8 g of a 5 % by weight Pd-C (a product of HIROSHIMA WAKO Co., Ltd.) were placed. Then, hydrogen gas was 
blown into the obtained mixture under an atmospheric pressure to allow the hydrogenatlon reaction to proceed at a 

35 room temperature. After the reaction had been completed, the catalyst was removed from the reaction product by 
filtration. The resultant reaction solution was poured into 1 .5 liters of water, and the precipitated crystal was separated 
by filtration. The obtained crystal was extracted with 1 liter of ethyl acetate. The obtained extract was washed with 
water and dehydrated with anhydrous magnesium sulfate (a product of HIROSHIMA WAKO Co., Ltd.), and the solvent 
was removed from the dehydrated extract to obtain 25 g of the compound of the object: 4,4'-dlamino-4"-phenyl-triphe- 

40 nylamine (Compound A). 

(2) Synthesis of Compound (3) 

[0101] Into a 500 fiask of an egg plant shape, 5.01 g of 4,4'-diamino>4"-phenyl-triphenylamine (Compound A) ob- 
45 tained above in (1 ), 25 ml of 3-iodotoluene (a product of HIROSHIMA WAKO Co., Ltd.), 16 g of anhydrous potassium 

carbonate, 6 g of copper powder, and 200 ml of dimethylsulfoxide (DMSO; a product of HIROSHIMA WAKO Co., Ltd.) 

were placed, and the reaction was allowed to proceed in the resultant mixture under an argon stream at 180°C for 6 

hours. After the reaction was completed, the insoluble portion was removed from the reaction product by filtration, and 

the obtained filtrate was extracted with 1 liter of methylene chloride. The extract was washed with water and dehydrated 
50 with anhydrous magnesium sulfate, and the solvent was removed from the dehydrated extract. The obtained product 

was purified by using a column packed with activated alumina (a product of HIROSHIMA WAKO Co., Ltd.) to obtain 

6.5 g of a light yellow powder. 

[0102] This product was identified as 4,4'-bis[N,N-di-(3-toIyl)amlno]-4''-phenyl-triphenylamine by the measurements 
of the field diffusion mass spectrum (FD-MS) and the proton nuclear magnetic resonance spectrum (^H-NMR). The 
55 yield was 63 % (based on Compound A), and the melting point was 180 to 18rC. 

[0103] The whole chart of the ^H-NMR is shown in Figure 1. and the enlarged detail of the ^H-NMR is shown in 
Figure 2. 

[0104] In the measurement of FD-MS of this compound, the main peak was observed at m/z = 711, and this corre- 
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sponds to C52H45N3 = 711 . 

Example 10 Preparation of Compound (20) 

s [0105] The same procedures as those conducted in Example 9 were conducted except that 25 ml of 4Hodoanlsol (a 
product of HIROSHIMA WAKO Co., Ltd.) was used in place of 3-iodotoluene used in Example 9 (2). and 5.75 g of 4,4'- 
bis[N,N-di{4-anisyl)amino]-4"-phenyl-triphenylamlne was obtained. The yield was 52 % (based on Compound A), and 
the melting point was 201 °C. 

[0106] The result of the measurement of ^H-NMR of this compound is shown in the following: 

10 

DMSO-dg: 5 7.63-7.55 (dd, 4H): 7.44-7.40 (t, 2H), 7.32-7.28 (t. 1H); 7.09-7.06 (d, 2H); 7.04-6.94 (dd, 8H); 
6.81-6.40 (dd, 16H); 3.72 (s. 12H) ppm. 

Example 11 Preparation of Compound (36) 

15 

[0107] The same procedures as those conducted in Example 9 were conducted except that 35 g of 4Hodobiphenyl 
obtained in Example 3 (1) was used in place of 3-iodotoluene used in Example 9 (2), and 4.65 g of 4,4 -bis[N,N-di- 
(biphenyl)amino]-4"-phenyl-triphenylamine was obtained. The yield was 34 % (based on Compound A), and the melting 
point was 277*'C. 

20 [0108] The result of the measurement of ^H-NMR of this compound is shown in the following: 

DMSO-dg: 8 7.63-7.55 (dd, 20H): 7.45-7.39 (t, 10H). 7.32-7.27 (t. 5H); 7.09-7.06 (d, lOH); 7.04-6.94 (dd, 8H) 
ppm. 

25 Example 12 Preparation of Compound (43) 

(1) Synthesis of 4,4'-dlamino-4"-(4-tolyl)-triphenylamine 

(Compound B) 

30 

[0109] A mixture of 1 00 g of phenyltoluene (a product of ALDRICH Co.) and 1 liter of acetic acid was heated to 80°C. 
and 200 ml of fuming nitric acid was added dropwise to the heated mixture at 75 to 90**C during 2 hours. After the 
resultant mixture was kept being stirred for 1 hour at this temperature, the mixture was cooled to 50°C. and 1 liter of 
methanol was added to the cooled mixture to obtain 47 g of a crystal. The obtained crystal was dissolved in 1 liter of 
35 DMF. To the resultant solution, 10 g of a 5 % Pd-C was added, and the hydrogenation was conducted under an atmos- 
pheric pressure for 6 hours by bubbling hydrogen gas through the reaction mixture. 

[0110] The insoluble portion was then removed from the reaction mixture by filtration, and the obtained filtrate was 
poured into 3 liters of water saturated with sodium chloride. The precipitated crystal was separated by filtration and 
reprecipitated by using 500 ml of toluene to obtain 37 g of 4'-methyl-4-aminobiphenyl. 
40 [0111] Then, the same procedures as those conducted in Example 9 (1) were conducted except that 25 g of 4- 
methyl-4-aminobiphenyl obtained in the above was used in place of 4-aminobiphenyl used in Example 9 (1), and 22 
g of 4.4'-diam!no-4''-(4-tolyl)-triphenylamine (Compound B) was obtained. 

(2) Synthesis of Compound (43) 

45 

[01 1 2] The same procedures as those conducted in Example 9 (2) were conducted except that 5.00 g of Compound 
B was used in place of Compound A used in Example 9 (2), and 25 ml of iodobenzene (a product of HIROSHIMA 
WAKO Co., Ltd.) was used in place of 3-iodotoluene used in Example 9 (2), and 6.24 g of 4,4-bis(N,N-diphenylamino)- 
4"-(4-tolyl)-triphenylamine was obtained. The yield was 68 % (based on Compound B), and the melting point was 1 71*'C. 
50 [01 1 3] The result of the measurement of 1 H-NMR of this compound is shown in the following: 

DMSG-dg: 5 7.63-7.55 (dd, 4H): 7.53-6.81 (m, 20H), 7.11-7.03 (dd. 4H); 7.04-6.94 (dd. 8H): 2.28 (s. 3H) ppm. 



62 



EP 0 805 143 B1 



Example 1 3 Preparation of Compound (57) 

(1) Synthesis of 4.4*-diamino-4"-(4-anisyl)-triplienylamine 
5 (Compound C) 

[0114] A mixture of 100 g of 4-phenylanisole (a product of ALDRICH Co.) and 1 liter of acetic acid was heated to 
80°C, and 200 ml of fuming nitric acid was added dropwise to the heated mixture at 75 to 90°C during 2 hours. After 
the resultant mixture was kept being stirred for 1 hour at this temperature, the mixture was cooled to 50°C, and 1 liter 
10 of methanol was added to the cooled mixture to obtain 51 g of a crystal. 

[0115] The obtained crystal was dissolved in 1 liter of DM R To the resultant solution, lOgofa 5% Pd-C was added, 
and the hydrogenation was conducted under an atmospheric pressure for 6 hours by bubbling hydrogen gas through 
the reaction mixture. 

[01 1 6] The insoluble portion was removed from the reaction mixture by filtration, and the obtained filtrate was poured 
15 into 3 liters of water saturated with sodium chloride. The precipitated crystal was separated by filtration and reprecip- 
Itated by using 500 ml of toluene to obtain 41 g of 4'-methoxy-4-aminobiphenyl. 

[0117] Then, the same procedures as those conducted In Example 9 (1) were conducted except that 25 g of 4*- 
methoxy-4-aminobiphenyl obtained in the above was used in place of 4-aminobiphenyl used in Example 9 (1), and 23 
g of 4,4'-diamino-4"-(4-anisyl)-triphenylamine (Compound C) was obtained. 

20 

(2) Synthesis of Compound (57) 

[0118] The same procedures as those conducted in Example 9 (2) were conducted except that 5.00 g of Compound 
C was used in place of Compound A used in Example 9 (2). and 25 ml of iodobenzene was used in place of 3-iodotoluene 
25 used in Example 9 (2), and 5.58 g of 4,4'-bis(N,N-dlphenylamino)-4"-(4-anisyl)-triphenylamine was obtained. The yield 
was 62 % (based on Compound C), and the melting point was 177°C. 

[0119] The result of the measurement of ^H-NMR of this compound is shown in the following: 

DMSO-dg: 5 7.62-7.55 (dd. 4H): 7.53-6.80 (m, 20H), 7.12-7.02 (dd, 4H); 7.03-6.94 (dd. 8H); 3.70 (s, 3H) ppm. 

30 

Example 14 Preparation of Compound (70) 

(1) Synthesis of 4,4-diamino-4''-biphenyl-triphenylamine 
35 (Compound D) 

[0120] The same procedures as those conducted in Example 9 (1 ) were conducted except that 25 g of 4-aminoter- 
phenyl (a product of TOKYO KASEI Co., Ltd.) was used in place of 4-amlnobiphenyl used In Example 9 (1), and 14 g 
of 4,4*-diamino-4"-biphenyl-triphenylamine (Compound D) was obtained. 

40 

(2) Preparation of Compound (70) 

[0121] The same procedures as those conducted in Example 9 (2) were conducted except that 5.00 g of Compound 
D was used in place of Compound A used in Example 9 (2). and 25 ml of Iodobenzene was used in place of 3-iodotoluene 
45 used in Example 9 (2), and 3.21 g of 4,4'-bis(N,N-diphenylamlno)-4"-biphenyl-trlphenylamlne was obtained. The yield 
was 38 % (based on Compound D), and the melting point was 178*^0. 

[0122] The result of the measurement of ^H-NMR of this compound Is shown in the following: 

DMSO-dg: 5 7.62-7.55 (dd. 4H): 7.52-6.81 (m, 20H), 7.42-7.38 (t.2H); 7.31-7.27 (t, 1H): 7.08-7.00 (dd, 4H): 
50 7.09-7.06 (dd. 4H): 7.04-6.94 (dd. 8H) ppm. 

Example 15 Preparation of an organic electroluminescence device by using Compound (3) 

[0123] On a glass substrate having the size of 25 mm x 75 mm x 1.1 mm. an ITO (indium tin oxides) electrode was 
55 formed to the thickness of 100 nm. and the obtained product was used as the transparent substrate. The prepared 
transparent substrate was cleaned with isopropyl alcohol for 5 minutes by using ultrasonic wave, with pure water for 

5 minutes, and finally with isopropyl alcohol for 5 minutes by using ultrasonic wave. 

[0124] The cleaned transparent substrate was fixed to a substrate holder of a commercial apparatus for vacuum 
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vapor deposition (a product of NIPPON SHINKU GIJUTU Co., Ltd.). Into 5 electrically heated boats made of molyb- 
denum, the following compounds were separately placed: 500 mg of Compound (3), 200 mg of N,N'-diphenyl-N,N'-bls 
(3-methylphenylH1.r-biphenyl]-4,4'-diamine (TPD), 200 mg of 4,4 -bis(2,2-diphenylvinyl)biphenyl (DPVBi), 200 mg of 
4,4'-bls[2-{4-(N,N-dlphenylamino)phenyl)vinyl]biphenyl (DPAVBI). and 100 mg of tris{8-hydroxyquinoline)aluminum 
5 (Alq). 

[0125] After the pressure in the apparatus was reduced to 2x 1 0*^ Pa, the boat containing Compound (3) was heated 
to deposit Compound (3) on the substrate, and a hole injecting layer having the thickness of 60 nm was formed. Then, 
the boat containing TPD was heated to vaporize TPD, and a hole transporting layer having the thickness of 40 nm was 
formed. As the next step, the boats containing DPVBi and DPAVBi were simultaneously heated to vaporize DPVBi and 
10 DPAVBi, and a mixed light emitting layer having the thickness of 40 nm was formed by the vapor deposition on the 
hole transporting layer [the ratio of the two mixed components was as follows: DPVBi : DPAVBI = 40 : 1 (ratio by 
weight)). As the final step, the boat containing Alq was heated to deposit Alq on the light emitting layer, and an electron 
injecting layer having the thickness of 20 nm was formed. 

[0126] Then, the product obtained above was taken out of the vacuum chamber, and a mask made of stainless steel 
15 was placed on the above electron injecting layer. The combined product was fixed again to the substrate holder. Into 
a basket made of tungsten, 0.5 g of silver wire was placed, and 1 g of magnesium ribbon was placed into another boat 
made of tungsten. The pressure in the vacuum chamber was then reduced to 1 x 10"^ Pa. and magnesium and silver 
were vapor deposited simultaneously at the rates of vapor deposition of 1.8 nm/sec and 0.1 nm/sec, respectively, to 
prepare a mixed electrode of magnesium and silver 
20 [0127] The voltage of 8 V was applied to the obtained device by connecting the ITO electrode of the prepared device 
to a positive electrode (+) and the cathode made of the magnesium-sitver alloy to a negative electrode (-) to test 
emission of light, and a unifomi light of blue color was obtained. The following initial properties were obtained by 
application of the voltage of 8 V: the density of electric current: 3.9 mA/cm2, the luminance: 1 70 cd/m2, and the efficiency 
of light emission: 1 .71 lumen/W. When the initial luminance was adjusted to 1 00 cd/m^, and the device was continuously 
25 driven at a constant electric current under a dry nitrogen, the half-life time (the time before the luminance reaches one 
half of the initial value) was found to be 1 500 hours. 

Comparative Example 5 

30 [0128] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 15 except that4.4',4"-tris(3-methylphenylphenylamino)triphenyiamine (MTDATA, the compound 
described in the specification of Japanese Patent Application Laid-Open No. Heisei 4(1 992)-308688) was used for the 
hole injecting layer in place of Compound (3) used in Example 15. 

[0129] The voltage of 8 V was applied to the obtained device in accordance with the same method as that used in 
35 Example 1 5 to test emission of light, and a uniform light of blue color was obtained. The following initial properties were 
obtained by application of the voltage of 8 V: the density of electric current: 4.0 mA/cm2, the luminance: 140 cd/m2, 
and the efficiency of light emission: 1.37 lumenA/V. When the initial luminance was adjusted to 100 cd/m^, and the 
device was continuously driven at a constant electric current under a dry nitrogen, the half-life time was found to be 
800 hours. This device had a life clearly inferior to that of the device prepared in Example 15. 

40 

Example 16 

[0130] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 15 except that Compound (20) was used in place of Compound (3) used in Example 15. 
45 [0131] The test of emission of light was conducted in accordance with the same method as that used in Example 
15, and the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 
4.2 mA/cm2, the luminance: 172 cd/m^, and the efficiency of light emission: 1.61 lumen/W. When the initial luminance 
was adjusted to 100 cd/m^. and the device was continuously driven at a constant electric current under a dry nitrogen, 
the half-life time was found to be 1300 hours. 

50 

Example 17 

[0132] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 15 except that Compound (36) was used in place of Compound (3) used in Example 15. 
55 [0133] The test of emission of light was conducted in accordance with the same method as that used in Example 
1 5, and the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 
4.0 mA/cm2, the luminance: 168 cd/rn^, and the efficiency of light emission: 1 .65 lumen/W. When the initial luminance 
was adjusted to 100 cd/m^, and the device was continuously driven at a constant electric current under a dry nitrogen, 
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the half-life time was found to be 1400 hours. 
Example 18 

5 [0134] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 15 except that Compound (43) was used in place of Compound (3) used in Example 15. 
[0135] The test of emission of light was conducted in accordance with the same method as that used in Example 
1 5, and the following initial properties were obtained by application of the voltage of 8 V: the density of electric curent: 

4.0 mA/cm2, the luminance: 170 cd/m^, and the efficiency of light emission: 1 .71 lumen/W. When the initial luminance 
10 was adjusted to 100 cd/m^, and the device was continuously driven at a constant electric current under a dry nitrogen. 

the half-life time was found to be 1500 hours. 

Example 19 

15 [0136] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 15 except that Compound (57) was used in place of Compound (3) used in Example 15. 
[0137] The test of emission of light was conducted in accordance with the same method as that used in Example 
15. and the following Initial properties were obtained by application of the voltage of 8 V: the density of electric current: 

4.1 mA/cm2, the luminance: 167 cd/m^, and the efficiency of light emission: 1.60 lumenA/V. When the initial luminance 
20 was adjusted to 1 00 cd/m^, and the device was continuously driven at a constant electric cun-ent under a dry nitrogen, 

the half-life time was found to be 1400 hours. 

Example 20 

25 [0138] An organic electroluminescence device was prepared in accordance with the same procedures as those 
conducted in Example 15 except that Compound (70) was used in place of Compound (3) used In Example 15. 
[0139] The test of emission of tight was conducted in accordance with the same method as that used in Example 
15, and the following initial properties were obtained by application of the voltage of 8 V: the density of electric current: 
3.9 mA/cm?, the luminance: 157 cd/m^, and the efficiency of light emission: 1 .58 lumenA/V. When the Initial luminance 

30 was adjusted to 100 cd/m^, and the device was continuously driven at a constant electric current under a dry nitrogen, 
the half-life time was found to be 1300 hours. 

INDUSTRIAL APPLICABILITY 

35 [0140] As described in the above, the organic electroluminescence device of the present Invention has little possibility 
of dielectric breakdown after storage for a long time, shows a remarkably high efficiency of light emission, and Is 
advantageously used as a light emitting device in various types of display apparatus. 

[0141] The thin film of the present invention shows very excellent hole injecting and transporting properties and is 
advantageously used for organic electroluminescence devices as well as other organic devices and photosensitive 
40 films in the electronic photography. 

[0142] The triamine compound of the present invention is a novel compound and provides an organic electrolumi- 
nescence device having a long life and showing an excellent stability of light emission when the triamine compound 
is used for the device. 

45 

Claims 

1. An organic electroluminescence device which comprises an organic layer at least comprising a layer of a hole 
transporting zone and a layer of a light emitting zone and a pair of electrodes disposed on both sides of the organic 
50 layer, wherein the layer of a hole transporting zone at least comprises a hole injecting layer and a hole transporting 

layer, and the hole Injecting layer contains a compound represented by general formula (I): 

A r • - N N HQ- N - a r ' -(I) 

A r « A r » A r * 
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wherein Ar^ to Ar^ represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or 
substituted with an alkyi group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other 
or different from each other and is in contact with an anode. 

An organic electroluminescence device according to Claim 1 . wherein Ar^ to Ar^ in general formula (I) represent 
each an aryl group having 6 to 1 8 carbon atoms which is unsubstituted or substituted with an alkyl group, an alkoxy 
group, vinyl group, or styryl group. 

An organic electroluminescence device according to Claim 1, wherein the hole transporting layer contains a com- 
pound represented by general formula (II): 

A r • -N -Q>— X — N — a r • -(ID 
A r ' A r • 

wherein X represents a single bond, methylene group, phenylene group, biphenylene group. -0-, -S-, or a group 
represented by any of: 



CH, OF, 
A r . C H, . OF, 



and Ar^ to Ar'io represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or substituted 
with an alkyl group, an alkoxy group, vinyl group, or styryl group, and may be the same with each other or different 
from each other. 

An organic electroluminescence device according to Claim 3. wherein Ar^ to Ar^^ in general formula (II) represent 
each an aryl group having 6 to 1 8 carbon atoms which is unsubstituted or substituted with an alkyl group, an alkoxy 
group, vinyl group, or styryl group. 

An organic electroluminescence device according to Claim 1 . wherein the hole injecting layer and the hole trans- 
porting layer have each a thickness of 5 nm to 5 ^m. 

An organic electroluminescence device according to Claim 3, wherein the hole injecting layer and the hole trans- 
porting layer have each a thickness of 5 nm to 5 ^m. 

An organic thin film comprising two layers which are a layer containing a compound represented by general formula 
(I) and having a thickness of 5 nm to 5 ^m and a layer containing a compound represented by general formula (II) 
and having a thickness of 5 nm to 5 fim. 

A triamine compound represented by general formula (III): 



Ar • -N -%J- N --%J- N - Ar' -.(111) 
A r * A r • A r * 

wherein Ar^ to Ar^ represent each an aryl group having 6 to 18 core carbon atoms which is unsubstituted or 
substituted with an alkyl group, an alkoxy group, vinyl group, or styryl group and may be the same with each other 
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or different from each other, and Ar^ represents an aryl group represented by 



(R). 



10 wherein R represents hydrogen, an alky! group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 

atoms, or phenyl group, n represents an integer of 0 to 5, and when a plurality of R are present, the plurality of R 
may be the same with each other or different from each other. 

9. A triamine compound according to Claim 8, wherein Ar^ to Ar^ represent each an aryl group represented by any of: 

15 



20 




25 wherein to represent each hydrogen, an alkyi group having 1 to 6 carbon atoms, an alkoxy group having 1 

to 6 carbon atoms, or phenyl group, m represents an integer of 0 to 5, p represents an integer of 0 to 4, q represents 
an integer of 0 to 5, x represents an integer of 0 to 3, y represents an integer of 0 to 4, and when a plurality of R\ 
R2, R3, r4, or R5 are present, the plurality of R\ R2, R3, R4, or RS may be the same with each other or different 
from each other. 

30 

PatentansprOche 

1. Organische Elektrolumineszenz-Vorrichtung die umfalit: eine organische Schicht, die mindestens umfaRt: eine 
35 Schicht einer Defekt-Elektronen-Transportzone und eine Schicht einer lichtemittierenden Zone, und ein Paar von 

Elektroden, die auf beiden Seiten der organischen Schicht angeordnet sind, worin die Schicht der Defekt-Elektro- 
nen-Transportzone mindestens umfadt: eine Defekt-Elektronen-lnjektionsschicht und eine Defekt-Elektronen- 
Transportschicht, und die Defekt-Elektronen-lnjektionsschicht eine Verbindung enthalt. die durch die allgemeine 
Formel (I): 

40 




dargestellt wird, worin Ar^ bis Ar^ jeweils eine Arylgruppe mit 6 bis 18 Ring-Kohlenstoffatomen darstellen, die 
unsubstituiert sind Oder durch eine Alkylgruppe, eine Alkoxygruppe. eine Vinylgmppe oder eine Styrylgruppe sub- 
50 stitulert sind. und die gleich oder verschieden voneinander sein kdnnen, und in Kontakt mit einer Anode steht. 

2. Organische Elektrolumineszenz-Vorrichtung nach Anspruch 1, worin Ar^ bis Ar^ in der allgemeinen Formel (I) 
jeweils eine Adylgruppe mit 6 bis 18 Kohlenstoffatomen darstellen, die unsubstituiert sind oder subslituiert ist mit 
einer Alkylgruppe. einer Alkoxygruppe. einer Vinylgruppe oder einer Styrylgruppe. 

55 

3. Organische Elektrolumineszenz-Vorrichtung nach Anspruch 1 . worin die Defekt-Elektronen-Transportschicht eine 
Verbindung enthalt, die durch die allgemeine Formel (II) dargestellt wird: 
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worin X eine Einfachbindung, eine Methylengruppe, eine Phenylengruppe, eine Biphenylengruppe, -0-, -S-, Oder 
eine Gruppe dargesteilt durch irgend eine der fotgenden Gruppen ist: 




und Ar^ bis Ar^o jeweils eine Arylgruppe mit 6 bis 18 Ring-Kohlenstoffatomen darsteilt, die unsubstitulert sind Oder 
substituiert sind mit einer All^ylgruppe, einer Alkoxygruppe. einer Vinylgruppe, Oder einer Styrylgruppe und die 
gleich oder verschieden voneinander sein kdnnen. 

Organische Elektrolumineszenz-Vorrichtung nach Anspruch 3, worin Ar^ bis Ar''0 in der allgemeinen Formel (II) 
jeweils eine Arylgruppe darsteilt mit 6 bis 1 8 Kohlenstoffatomen, die unsubstituiert sind oder substituiert sind durch 
eine Alkylgruppe, eine Alkoxygruppe, eine Vinylgnjppe oder eine Styrylgruppe. 

Organische Elektrolumineszenz-Vorrichtung nach Anspruch 1 , worin die Defekt-Elektronen-lnjektionsschicht und 
die Defekt-lnjektionen-Transportschicht eine Dicke von 5 nm bis 5 \im aufweisen. 

Organische Elektrolumineszenz-Vorrichtung nach Anspmch 3, worin die Defekt-Elektronen-lnjektionsschicht und 
die Defekt-Elektronen-Transportschicht jeweils eine Dicke von 5 nm bis 5 \im aufweisen. 

Organischer Dunnfilm, der zwei Schichten umfaflt, bei denen as sich urn eine Schicht, die eine Verbindung, dar- 
gesteilt durch die allgemeine Formel (I) enthalt, und die eine Dicke von 5 nm bis 5^m aufweist, und eine Schicht 
handelt, die eine Verbindung. dargesteilt durch die allgemeine Fonnel (II) enthdit. und die eine Schichtdicke von 
5 nm bis 5 jim aufweist. 

Triamin-Verbindung. dargesteilt durch die allgemeine Formel (III): 




•••(HI) 



worin Ar^ bis Ar^ jeweils eine Arylgruppe mit 6 bis 1 8 Ring-Kohlenstoffatomen darsteilt. die unsubstituiert Oder 
substituiert ist durch eine Alkylgruppe, eine Alkoxygruppe. eine Vinylgruppe oder eine Styrylgruppe. und die gleich 
Oder verschieden voneinander sein kdnnen. und Ar^ eine Arylgruppe, dargesteilt durch 
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(R). 




darstellt, worin R Wasserstoff, eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen, eine Alkoxygruppe mit 1 bis 6 
Kohtenstoffatomen Oder eine Phenylgruppe darstellt, n eine ganze Zahl von 0 bis 5 darstellt und wenn eine Mehr- 
zahl von R vorhanden sind, die R glelch oder verschleden voneinander sein k6nnen. 

9. Triamin-Verbindung nach Anspruch 8, worin Ar^ bis Ar^ jeweils eine Arylgruppe, dargestellt durch irgend eine der 
Gruppen: 




darstellen, worin R*" bis R^ jeweils ein Wasserstoff atom, eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen, eine 
Alkoxygruppe mit 1 bis 6 Kohlenstoffatomen oder eine Phenylgruppe darstellen, m eine ganze Zahl von 0 bis 5 
darstellt, p eine ganze Zahl von 0 bis 4 darstellt, q eine ganze Zahl von 0 bis 5 darstellt, x eine ganze Zahl von 0 
bis 3 darstellt, y eine ganze Zahl von 0 bis 4 darstellt, und wenn eine Mehrzahl von R^ , R2, R3. R^ oder R^ vorhanden 
sind, die R\ R2, R3. R4 und R^ jeweils gleich oder verschleden voneinander sein kdnnen. 

Revendications 

1. Dispositif organique electroluminescent, qui comporte une couche organique comprenant au molns une couche 
d'une zone de transport de trous et une couche d'une zone d'6mission de lumi^re et un couple d'^lectrodes dis- 
poshes sur les deux faces de la couche organique, dans lequel la couche d'une zone de transport de trous com- 
prend au moins une couche d'injection de trous et une couche de transport de trous, et la couche d'injection de 
trous contient un compose repr6sent6 par la formule gen^rale (I) : 




ou Ari d Ar5 repr6sentent chacun un groupe aryle poss6dant de 6 6 18 atomes de carbone constitutifs, ce groupe 
etant non substitue ou substitue par un groupe alkyle, un groupe epoxy, un groupe vinyle ou un groupe styryle. et 
peuvent etre identiques entre eux ou differents les uns des autres et est en contact avec une anode. 

2. Dispositif organique electroluminescent selon la revendication 1 . dans lequel Ar^ a Ar^ , dans la formule generale 
(I), repr^sentent chacun un groupe aryle comportant de 6 d 18 atomes de carbone, ce groupe 6tant non substitud 
ou substltu6 par un groupe alkyle, un groupe alkoxy, un groupe vinyle ou un groupe styryle. 

3. Dispositif organique electroluminescent selon la revendication 1 , dans lequel la couche de transport de trous con- 
tient un compose represents par la formule generate (II) : 
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Ar* ~N -hQ>- X N - Ar « .-(II) 

A r ' A r • 

X repr6sente une liaison simple, un groupe methylene, un groupe ph6nyl6ne, un groupe biph6nyl6ne, -0-, -Sr ou 
un groupe represente par Tun queiconque de : 

C H, C F , 

Ar'» , CH, .CP., 

Et ou Ai* a Ar^o representent chacun un groupe aryle comportant de 6 a 18 atomes de carbone constltutf, ce 
groupe 6tant non substitue ou substitu^ avec un groupe alkyle, un groupe alkoxy, un groupe vinyle ou un groupe 
styrene. et peuvent etre identiques entre eux ou diff^rents les uns des autres. 

Dispositif organique electroluminescent selon la revendication 3, dans lequel Ar^ a Ar''^ , dans la formule g6nerale 
(II) representent chacun un groupe aryie possedant de 6 ci 18 atomes de carbone, ce groupe etant non substitue 
ou substitue avec un groupe alkyle, un groupe 6poxy, un groupe vinyle ou un groupe styryle. 

Dispositif organique 6iectrolumlnescent selon la revendication 1, dans lequel la couche d'injection de trous et la 
couche de transport de trous poss^dent chacune une ^paisseur comprise entre 5 nm et 5 ^m. 

Dispositif organique electroluminescent selon la revendication 3, dans lequel la couche d'injection de trous et la 
couche de transport de trous possedent chacune une epaisseur comprise entre 5 nm et 5 \xm. 

Film organique mince comprenant deux couches qui sont des couches contenant un compost repr6sent6 par la 
formule g6n6rale (I) et possedant une Epaisseur comprise entre 5 nm et5 ^m et une couche contenant un compost 
repr6sent6 par la fomrtule g^n^rale (II) et possedant une Epaisseur comprise entre 5 nm et 5^m. 

Compost triamine represents par la formule gSnSrale (III) : 



Ar'. -N -<y>- N -%J- N — Ar' -(III) 
A r ' A r * A r ' 



OU Ar"" d Ar^ representent chacun un groupe aryle poss6dant de 6 a 18 atomes de carbone constitutifs, ce groupe 
6tant non substitue ou substitue avec un groupe alkyle, un groupe epoxy, un groupe vinyle ou un groupe styryle, 
et peuvent etre identiques entre eux ou differents les uns des autres. et ou Ar^ represente un groupe aryle repr6- 
sent6 par 



(R). 

ou R representent un hydrogene, un groupe aikyle comportant de 1 a 6 atomes de carbone, un groupe alkoxy 
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comportant de 1 a 6 atomes de carbone ou un groupe phenyle, n represente un entier compris entre 0 et 5 et, 
lorsque plusieurs groupes R sont presents, les differents R peuvent etre les memes ou differents las uns des autres. 

Compose de triamine selon la revendication 8, dans (equel Ar** a Ar^ repr^sentent chacun un groupe aryle repre- 
sents par I'un quelconque de : 




oCj R^ d R5 repr6sentent chacun un hydrog6ne. un groupe alkyle comportant de 1 d 6 atomes de carbone, 
un groupe alkoxy comportant 1 d 6 atomes de carbone ou un groupe phenyle, m represente un entier compris 
entre 0 et 5, p represente un entier compris entre 0 et 4, q represente un entier corhpris entre 0 et 5, x represente 
un entier compris entre 0 et 3, y representant un entier compris entre 0 et 4 et, lorsque plusieurs groupes de type 
R^ R2, R3, r4 ou R5 sont presents, les differents R\ R2, R3, R4 ou R^ peuvent etre identiques entre eux ou 
differents les uns des autres. 
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